Abstract -Silicon epitaxial wafers, consisting of 280 Pm thick n-type substrate layer and 4-5 Pm thick epitaxial layer, were electrochemically etched in hydrofluoric acid ethanol solution, to produce porous silicon samples. The resistivity of epitaxial layer was 1 :cm, while the substrate was much better conductor with resistivity 0.015 :cm. By varying the etching time, the different structures were obtained within the epitaxial layer, and on the substrate surface. Due to the lateral etching the epitaxial layer was partially detached from the substrate and could be peeled off. The influence of etching time duration on the structural properties of porous samples was investigated by Raman, spectroscopy. The samples were analysed immediately after the etching and six months later, while being stored in ambient air. The Raman spectra showed the shift in positions of transversal optical (TO) phonon bands, between freshly etched samples and the one stored in ambient air.
INTRODUCTION
Since silicon processing technology is widely used, it would be advantageous to use silicon for opto-electronic devices. Ever since, in 1990, Canham [1] discovered visible photoluminescence (PL) in porous silicon (PS), at room temperature, a large research effort has been made in this field as well as in the field of other silicon nanostructures. Standard method for PS preparation is electrochemical etching of bulk silicon in an ethanolic hydrofluoric acid (HF) solution.
In this paper, we present the results of Raman, measurements of PS samples prepared from low conductivity epitaxial layer grown on high conductivity substrate of ntype Si wafers. By varying the etching time, with the constant concentration of HF solution, different structures were obtained within the epitaxial layer and on the substrate surface. Freshly anodized samples showed small variation in the position of transversal optical (TO) phonon band in Raman spectra. Storing samples for six month in ambient air caused numerous changes in acquired Raman data. The peak position and the shape of TO phonon band in Raman spectra were changed.
II. MATERIALS AND METHODS
Commercially available silicon wafers, consisting of 280 Pm thick n-type (Sb doped) substrate and 4-5 Pm thick P doped epitaxial layer, were electrochemically etched in a HF ethanol solution. The resistivity of the epitaxial layer was about 1 :cm, while the resistivity of substrate was 0.015 :cm. Three porous silicon samples, denoted S1, S2 and S3, were prepared by etching at a constant current density of 13 mA/cm 2 , for 10, 40 and 80 minutes, respectively. The etching process was performed under the fume hood illumination, with constant concentrations of 48% HF in 96% ethanol (1:1 by volume).
The samples were investigated by Raman spectroscopy. Spectra were recorded from the top side of epitaxial layer and from the top surface of substrate layer. The Raman spectra were recorded with Jobin Yvon T64000 triple spectrometer using a 514.5 nm excitation line of argon-ion laser.
III. RESULTS AND DISCUSSION
The Raman spectra recorded after the etching process, from the top side of the epitaxial layer (Fig. 1a) and the top surface of the substrate (Fig. 2a) show that they have etched out differently. This may be caused by the layered structure of used epitaxial wafers. Very thin epitaxial layer was etched through in probably less than five minutes, and pores had reached the interface between the epitaxial layer and the substrate. The etching process by dislocation is much faster when compared to the bulk silicon. For this reason the etching process of substrate layer is slower resulting in an increase of the lateral etching at the border between the epitaxial and the substrate layer, i.e. the substrate acts effectively as a barrier for penetration of F -ions. For this reason the epitaxial layer will be detached from the substrate by the lateral etching and hence it could be easily removed. At the same time, since resistivity of the epitaxial layer is almost hundred times higher than the resistivity of the substrate, there are much more available holes in the epitaxial layer than in the substrate [2] . This may also promote the lateral etching and cause detachment of the epitaxial layer from the substrate. With further etching the porous structure is formed in the substrate.
When Raman spectra were recorded from the top side of epitaxial layer (Fig. 1a) , the peak position of TO vibrational band was fixed at 519 cm -1 for all three samples. Contrary to this when spectra were recorded from the top surface of substrate (Fig. 2a) , the peak position of TO vibrational band was shifted with an increase in etching time. This may also suggest the existence of discontinuity in the etching process. It is known from literature that as the etching time increases the porosity increases too and hence the size of nanocrystallites decreases [3] , which on the other hand shifts the peak position of the TO vibrational band to lower wavenumbers [4] in samples recorded after the etching from the top side of epitaxial layer. We can speculate that there exist two parallel processes which are pushing TO vibrational bands in opposite direction. The decrease in crystallite size would cause the shift of the TO peak position to lower wavenumbers. On the other hand, as the porosity of samples is increased, the compressive stress, caused by a lattice size discrepancy between porous and bulk silicon, is increased, too [5, 6] . The increase in the internal compressive stress would cause the shift in the peak position of the TO band towards the higher wave numbers. Consequently, it may compensate the effect of nanocrystallite size reduction. As a result of these two parallel processes the TO band position would remain approximately the same. The reason for strong influence of compressive stress on the peak position of TO vibrational band, in freshly etched samples, may be in different etching rate between the epitaxial and the substrate layer. Fig. 1b and 2b present TO vibrational bands in Raman spectra, recorded from the top side of epitaxial layer and the top surface of substrate, respectively, after the samples were being stored in ambient air for 6 months. When compared to the spectra recorded after the etching, where the peak position of the TO vibrational band was around 519 cm -1 (Fig. 1a and 2a) , it is noticeable that both the position and the shape of TO vibrational bands in all samples were changed. The peak position of the TO vibrational band of sample S1, which was etched for the shortest time (10 min), was shifted to 521 cm -1 . At the same time the peak position of the TO bands of samples S2 and S3, which were etched for substantially longer time (40 and 80 min), were shifted towards 516 cm -1 . Since the change in the peak position of TO vibrational band can be attributed to the change in nanocrystallite size [7] , and to the change of the induced stress in the porous silicon layer due to the oxidation of material [8] , or to both, this may be an explanation for the observed oppositely directional shifts in samples etched in different time durations.
Because of short etching time, the porosity of sample S1 was low, with small pore volume, so they behave like nanodefects [7, 9] . Prolonged etching time in samples S2 and S3 causes an increase in porosity, and development of nano and macro voids. Therefore, we assume that nanodefects in sample S1 were turned into SiO 2 , which is a standard compound generated during the oxidation of porous silicon [9] . The nanodefects with SiO 2 occupy much more volume then the nanodefects with SiH x species or dangling bonds. Consequently, the compressive stress developed in the porous layer is increased, which causes the shift of TO vibrational band towards higher wavenumbers. Contrary to this in samples S2 and S3 the voids were saturated with SiH x bonds, so oxygen will connect with existing hydrogen and produce Si-O-Si-H bonds. These bonds will attract electronic cloud from Si-Si bonds towards oxygen atom, and as a consequence Si-Si bonds are weakened, the stress in porous layer is reduced and the TO vibrational bands are shifted to lower wavenumbers.
IV. CONCLUSION
We investigated porous silicon produced, from n-type silicon wafers with differently doped substrate and thin epitaxial layer, in different etching time duration. The discontinuity of the etching process was observed at the interface between the epitaxial layer and the substrate. As a result two porous layers with different structural properties were produced. The fixed position of the TO Raman vibrational band, in freshly etched porous silicon, was connected with the influence of compressive stress caused by the lattice dimension discrepancy. The blue shift of the TO vibrational band peak position, observed in S1 sample after oxidation, is explained with the increase of stress due to the generation of SiO 2 in samples nanovoids.
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